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MEMORY CHANNEL STORAGE DEVICE
INITIALIZATION

BACKGROUND

Memory Channel Storage (“MCS”) architecture 1s an
architecture allowing storage devices other than random
access memory (“RAM?”) to be installed in memory modules
or slots 1n relatively close proximity to processing resources.
For example, MCS architecture allows solid-state drives
having many times the conventional storage capacity of
traditional RAM modules to be installed in dual in-line
memory module (“DIMM?”) slots near a processor. The short
distance between the devices and processing resources, and
the large capacity of the devices, offer many advantages in
increasing the computational characteristics of an underly-
ing system.

However, as the drives or other storage devices are
connected to the memory bus, it 1s necessary to prevent
allocation of memory addresses associated with the MCS
devices as normal memory. Normal memory allocation
generally occurs during an initial boot phase of a computer
system while MCS devices may not be accessible during this
phase, increasing the difhiculty in allowing MCS devices to
be added/removed as desired by an end user. It 1s with
respect to these and other considerations that the disclosure
made herein 1s presented.

SUMMARY

Technologies are described herein for systems and meth-
ods for memory channel storage device (“MCSD™) 1nitial-
ization. Through the utilization of the technologies and
concepts presented herein, devices utilizing the MCS archi-
tecture may be 1mtialized during an initial boot phase, even
if not fully 1dentifiable or addressable. Furthermore, changes
in placement and location of devices utilizing the MCS
architecture may be detected during booting such that new
location information 1s approprately stored, and therefore
correct allocation of memory, 1s achieved during the mitial
boot phase of subsequent boot-ups.

According to one aspect presented herein, a computer-
implemented method 1s provided for initializing a memory
channel storage (“MCS”) device. The method begins a boot
process for a computing system. The method determines 11
prior address data 1s stored for the MCS device. An address
range 1s reserved for the MCS device based on the prior
address data and the previous determination.

According to another aspect presented herein, a com-
puter-readable storage medium has computer-executable
instructions which, when executed by a computer, cause the
computer to begin a boot process for a computing system.
The computing system has a MCS device deployed on 1t.
The computer-executable instructions also cause the com-
puter to determine 11 prior address data 1s stored for the MCS
device. An address range 1s reserved for the MCS device
based on the prior address data and the previous determi-
nation.

According to yet another aspect presented herein, a com-
puting system 1s provided. The computing system includes
a processor and a MCS device 1n communication with the
processor. The computing system also includes a computer-
readable storage medium having computer-executable
instructions which, when executed by the processor, cause
the processor to begin a boot process for the computing
system. The computer-executable 1nstructions also cause the
processor to determine 11 prior address data 1s stored for the
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MCS device. An address range 1s reserved for the MCS
device based on the prior address data and the previous
determination. Additionally, the computer-executable
instructions also cause the processor to detect the address
data for the MCS device. The computer-executable instruc-
tions also cause the processor to determine if the detected
address range 1s 1dentical to the prior address data. In
response to determining that the detected address range 1s
different than the prior address range, the detected address
range 1s stored in place of the prior address data and the
computer system 1s rebooted.

It should be appreciated that the above-described subject
matter may also be implemented as a computer-controlled
apparatus, a computer process, a computing system, or as an
article of manufacture such as a computer-readable medium.
These and various other features will be apparent from a
reading of the following Detailed Description and a review
of the associated drawings.

This Summary 1s provided to introduce a selection of
concepts 1 a simplified form that are further described
below 1n the Detailed Description. This Summary 1s not
intended to 1dentify key features or essential features of the
claimed subject matter, nor 1s i1t intended that this Summary
be used to limit the scope of the claimed subject matter.
Furthermore, the claimed subject matter 1s not limited to
implementations that solve any or all disadvantages noted 1n
any part of this disclosure.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a computer architecture diagram that 1llustrates
various components of a computer that provides an illustra-
tive operating environment for the implementations pre-
sented herein;

FIG. 2 15 a flow diagram showing a routine for mitializing,
a memory channel storage device according to the technolo-
gies presented herein;

FIG. 3 1s a flow diagram showing a routine for detecting,
a memory channel storage device according to the technolo-
gies presented herein;

FIG. 4 1s a flow diagram showing a routine for detecting
a memory channel storage device according to the technolo-
gies presented herein;

FIG. 5 1s a block diagram illustrating aspects of an
interface between a firmware and an operating system
according to one or more embodiments presented herein;
and

FIG. 6 1s a block diagram illustrating an architecture for
firmware that provides an operating environment for one or
more embodiments presented herein.

DETAILED DESCRIPTION

Embodiments of the disclosure presented herein provide
methods, systems, apparatuses, and computer-readable
media for memory channel storage device detection and
initialization. In the following detailed description, refer-
ences are made to the accompanying drawings that form a
part hereol, and in which are shown by way of illustration
specific embodiments or examples. Referring now to the
drawings, in which like numerals represent like elements
throughout the several figures, aspects of an exemplary
operating environment and the implementations provided
herein will be described.

FIG. 1 and the following discussion provide a general
description of a suitable computing environment 1 which
embodiments presented herein may be implemented. While
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the embodiments presented herein are described in the
general context of program modules that execute i con-
junction with the execution of a computer firmware, those
skilled 1n the art will recognize that various embodiments
may also be implemented in combination with other pro-
gram modules.

Generally, program modules include routines, programs,
components, data structures, and other types of structures
that perform particular tasks or implement particular abstract
data types. Moreover, those skilled 1n the art will appreciate
that the invention may be practiced with other computer
system configurations, including hand-held devices, multi-
processor systems, microprocessor-based or programmable
consumer e¢lectronics, minicomputers, mainirame comput-
ers, embedded systems, and the like. Embodiments pre-
sented herein may also be practiced 1n distributed computing
environments where tasks are performed by remote process-
ing devices that are linked through a communications net-
work. In a distributed computing environment, program
modules may be located 1n both local and remote memory
storage devices.

Turning now to FIG. 1, an 1llustrative computer architec-
ture for practicing the embodiments discussed herein will be
described. It should be appreciated that although the
embodiments described herein are discussed 1n the context
ol a conventional desktop or server computer, the embodi-
ments may be utilized with virtually any type of computing,
device. FIG. 1 shows an illustrative computer architecture
for a computing system 100 that 1s operative for memory
channel storage device (“MCSD” or “MCS device”) utili-
zation.

In order to provide the functionality described herein, the
computing system 100 can include a baseboard, or “moth-
erboard,” which can be a printed circuit board to which a
multitude of components or devices may be connected by
way of a system bus or other electrical communication path.
In one illustrative embodiment, a central processing unit
(“CPU”) 102 operates 1n conjunction with a Plattorm Con-
troller Hub (“PCH”) 108. The CPU 102 may be a standard
central processor that performs arithmetic and logical opera-
tions necessary for the operation of the computing system

100. The computing system 100 may include a multitude of

CPUs 102. Each CPU 102 might include multiple process-
Ing cores.

The CPU 102 provides an interface to a random access
memory (“RAM”) used as the main memory 114 in the
computing system 100 and, possibly, to an on-board graph-
ics adapter 112. The interface to RAM may 1nclude several
memory buses, channels, and/or other interfaces including,
physical slots such as DIMM slots. Accordingly, one or
more MCSD 151 and 152 may be used as storage in the
computing system 100. According to at least one implemen-
tation, each MCSD 151 and 1352 includes a serial presence
detect (*“SPD”) chipset 154 and 1355, respectively, storing
identifyving information including serial numbers and manu-
tacturer data. Additionally, each MCSD 151 and 152 may be
located through identification of an associated CPU, and

associated memory channel, and an associated physical slot.
Thus, for example, the MCSD 151 may be located at CPU

1, Channel 1, Slot 1, while the MCSD 152 may be located
at CPU 1, Channel 1, Slot N. According to one embodiment
of the mvention the one or more MCSD 151 and 152 may
comprise a version ol the MEMORY CHANNEL STOR-
AGE from DIABLO TECHNOLOGIES. It should be appre-
ciated that other MCSDs may also be utilized. Any number
of CPUs, memory channels, and physical slots may be
included 1n a desired implementation. Accordingly, the
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4

particular number and arrangement of MCS devices 1llus-
trated should not be construed as limiting.

The PCH 108 may provide an interface between the CPU
102 and the remainder of the computing system 100. The
PCH 108 may also provide a system management bus 132
for use 1n managing the various components of the comput-
ing system 100. An example system management bus
includes the system management bus 132', which may be
used to access iformation stored 1n each SPD chipset 154,
155 described above.

The PCH 108 may also be responsible for controlling
many of the input/output functions of the computing system
100. In particular, the PCH 108 may provide one or more
umversal serial bus (“USB”) ports 116, an audio codec 124,
a (Gigabit Ethernet Controller 134, and one or more general
purpose mput/output (“GPIO”) pins 118. The USB ports 116
may include USB 2.0 ports, USB 3.0 ports and USB 3.1
ports among other USB ports. The audio codec 124 may
include Intel High Definition Audio, Audio Codec '97 (“AC
'97””) and Dolby TrueHD among others. Power management
circuitry 126 and clock generation circuitry 128 may also be
utilized through the PCH 108.

The PCH 108 may also include functionality for provid-
ing networking functionality through a Gigabit Ethernet
Controller 134. The Gigabit Ethernet Controller 134 1is
capable of connecting the computing system 100 to another
computing system via a network. Connections which may be
made by the Gigabit Ethernet Controller 134 may include
LAN or WAN connections. LAN and WAN networking
environments are commonplace in oflices, enterprise-wide
computer networks, intranets, and the internet.

The PCH 108 may also provide a bus for interfacing
peripheral card devices such as a graphics adapter 162. In
one embodiment, the bus comprises a PCI bus. The PCI bus
may include a Peripheral Component Interconnect (“PCI”)
bus, a Peripheral Component Interconnect eXtended (“PCI-
X"’} bus or a Peripheral Component Interconnect Express
(“PCle”) bus, among others.

The PCH 108 1s also configured to provide one or more
interfaces for connecting mass storage devices to the com-
puting system 100. For instance, according to an embodi-
ment, the PCH 108 includes a serial advanced technology
attachment (“SATA” or “serial ATA”) adapter for providing
one or more serial ATA ports 120. The serial ATA ports 120
may be connected to one or more mass storage devices
storing an operating system 140 and application programs
142, such as the SATA disk drive 138. As known to those
skilled 1n the art, an operating system 140 comprises a set of
programs that control operations of a computer and alloca-
tion of resources. An application program 142 1s software
that runs on top of the operating system 140 software, or
other runtime environment, and uses computer resources to
perform application specific tasks desired by the user.

According to one embodiment of the invention, the oper-
ating system 140 comprises the LINUX operating system.
According to another embodiment of the invention the
operating system 140 comprises a version of the WIN-
DOWS operating system from MICROSOFT CORPORA-
TION. According to other embodiments, the operating sys-
tem 140 can comprise the UNIX, SOLARIS, or Mac OS X
operating system. It should be appreciated that other oper-
ating systems may also be utilized.

The mass storage devices connected to the PCH 108, and
their associated computer-readable storage media, provide
non-volatile storage for the computing system 100.
Although the description of computer-readable storage
media contained herein refers to a mass storage device, such
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as a hard disk or CD-ROM drive, 1t should be appreciated by
those skilled 1n the art that computer-readable storage media
can be any available media that can be accessed by the
computing system 100.

By way of example, and not limitation, computer-read-
able storage media may comprise computer storage media
and communication media. Computer storage media
includes volatile and non-volatile, removable and non-re-
movable media implemented 1n any method or technology
for storage ol information such as computer-readable
istructions, data structures, program modules or other data.
However, computer-readable storage media does not encom-
pass transitory signals. Computer storage media includes,
but 1s not limited to, RAM, ROM, EPROM, EEPROM, flash
memory or other solid state memory technology, CD-ROM,
DVD, HD-DVD, BLU-RAY, or other optical storage, mag-
netic cassettes, magnetic tape, magnetic disk storage or other
magnetic storage devices, or any other medium which can be
used to store the desired information and which can be
accessed by the computing system 100.

A low pin count (“LPC”) mterface may also be provided
by the PCH 108 for connecting a Super 1/O device 138. The
Super 1/0 device 138 1s responsible for providing a number
of mput/output ports, mcluding a keyboard port, a mouse
port, a serial interface, a parallel port, and other types of
input/output ports. The LPC interface may also connect a
computer storage media such as a ROM or a tlash memory
such as a non-volatile random access memory (“NVRAM”)
136 for storing the firmware 137 that includes program code
containing the basic routines that help to start up the
computing system 100 and to transier information between
clements within the computing system 100. Some examples
of firmware 137 include Basic Input/Output System
(“BIOS”), firmware that 1s compatible with the Unified
Extensible Firmware Interface (“UEFI”), or Open Firmware
among others.

It should be appreciated that the program modules dis-
closed herein, including the firmware 137, may include
software instructions that, when loaded into the CPU 102
and executed, transform a general-purpose computing sys-
tem 1nto a special-purpose computing system customized to
tacilitate all, or part of, the operations disclosed herein. As
detailed throughout this description, the program modules
may provide various tools or techniques by which the
computing system 100 may participate within the overall
systems or operating environments using the components,
logic flows, and/or data structures discussed herein.

The CPU 102 may be constructed from any number of
transistors or other circuit elements, which may individually
or collectively assume any number of states. More specifi-
cally, the CPU 102 may operate as a state machine or
finite-state machine. Such a machine may be transformed to
a second machine, or a specific machine, by loading execut-
able instructions contained within the program modules.
These computer-executable instructions may transform the
CPU 102 by specifying how the CPU 102 transitions
between states, thereby transforming the transistors or other
circuit elements constituting the CPU 102 from a {irst
machine to a second machine, wherein the second machine
may be specifically configured to perform the operations
disclosed herein. The states of either machine may also be
transformed by receiving input from one or more user input
devices, network interfaces (such as the Gigabit Ethernet
Controller 134), other peripherals, other interfaces, or one or
more users or other actors. Either machine may also trans-

10

15

20

25

30

35

40

45

50

55

60

65

6

form states, or various physical characteristics of various
output devices such as printers, speakers, video displays, or
otherwise.

Encoding the program modules may also transform the
physical structure of the storage media. The specific trans-
formation of physical structure may depend on various
factors, 1 different implementations of this description.
Examples of such factors may include, but are not limited to:
the technology used to mmplement the storage media,
whether the storage media are characterized as primary or
secondary storage, and the like. For example, if the storage
media are implemented as semiconductor-based memory,
the program modules may transform the physical state of the
semiconductor memory when the software or firmware 137
1s encoded therein. For example, the soitware may transform
the state of transistors, capacitors, or other discrete circuit
clements constituting the semiconductor memory.

As another example, the storage media may be imple-
mented using magnetic or optical technology such as hard
drives or optical drives. In such implementations, the pro-
gram modules may transform the physical state of magnetic
or optical media, when the software 1s encoded therein.
These transformations may include altering the magnetic
characteristics of particular locations within given magnetic
media. These transformations may also include altering the
physical features or characteristics of particular locations
within given optical media to change the optical character-
1stics of those locations. It should be appreciated that various
other transformations of physical media are possible without
departing from the scope and spirit of the present descrip-
tion.

It should be appreciated that the computing system 100
may comprise other types of computing devices, including
hand-held computers, embedded computer systems, per-
sonal digital assistants, and other types of computing
devices known to those skilled in the art. It 1s also contem-
plated that the computing system 100 may not include all of
the components shown 1n FIG. 1, may include other com-
ponents that are not explicitly shown i FIG. 1, or may
utilize an architecture completely diflerent than that shown
in FIG. 1.

Retferring now to FIG. 2, a flow diagram showing a
routine 200 for memory channel storage device mitialization
according to the technologies presented heremn will be
described. It should be appreciated that the logical opera-
tions described herein are implemented (1) as a sequence of
computer implemented acts or program modules running on
a computing system and/or (2) as interconnected machine
logic circuits or circuit modules within the computing sys-
tem. The implementation 1s a matter of choice dependent on
the performance and other requirements of the computing
system. Accordingly, the logical operations described herein
are referred to variously as operations, structural devices,
acts, or modules. These operations, structural devices, acts
and modules may be implemented 1n software, 1n firmware,
in special purpose digital logic, and any combination
thereof. It should also be appreciated that more or fewer
operations may be performed than shown 1n the figures and
described herein. These operations may also be performed 1n
parallel, or in a different order than those described herein.

The routine 200 begins at operation 202 where the boot-
ing process of the computing system 100 may be mnitiated
thereby beginning execution of one or more portions of the
firmware 137. Upon mitiating the boot process, the firmware
137 determines whether any prior MCSD data has been
stored 1n the NVRAM 136 at operation 204. Prior MCSD

data may include location information for each device as
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described above with reference to devices 151, 152, and may
be stored at NVRAM 136 or in any other storage device
accessible during the pre-extensible-firmware-interface ini-
tialization (“PEI”’) phase of booting. If prior MCSD data has
been stored, the firmware 137 may reserve address ranges

based on the stored MSCD data such that these addresses are

not allocated as normal memory, at operation 206.

Thereafter, during a drniver execution environment
(“DXE”) phase of booting, the firmware 137 may detect
address data for memory channels of the computing system
100, at operation 208. The detecting may 1nclude detecting
and locating all connected MCS devices and retrieving or
establishing their associated location data. If the new loca-
tion data 1s identical to the previously stored and reserved
data from operation 206, at operation 210, the firmware 137
may complete the boot process at operation 212. From
operation 212 the routine 200 ends at operation 214.

However, if, for example, no prior MCSD data 1s stored,
no 1dentical data can be i1dentified and the newly acquired
data may be stored as new address data at operation 216, and
a reboot may be requested. Thereafter, through iteration
through operations 202-210, movement and replacement of
MCS devices may be easily detected and location informa-
tion may be stored/updated while the system i1s efliciently
rebooted to reserve correct memory address space lor
memory and for the MCS devices.

As shown 1n FIG. 2, operation 208 includes detecting
address data for the memory channel or channels. A more
detailed discussion of operation 208 is presented with ret-
erence to FIG. 3. FIG. 3 1s a flow diagram showing a routine
208 for detecting a memory channel storage device accord-
ing to the technologies presented herein. The routine 208
includes 1dentitying memory channel devices at operation
302. The memory channel devices may be detected through
system management bus 132' polling or otherwise commu-
nicating with each SPD chipset 154, 155 in commumnication
with the CPU 102. Upon 1dentifying at least a total number
of MCS devices, the routine 208 includes locating the
memory channel devices based on a logical oflset, at opera-
tion 304. Operation 304 1s described more fully with refer-
ence to FIG. 4. After locating all memory channel devices,
the firmware 137 may assemble the MCS data for storage at
operation 306. The MCS data may be assembled into a
simple address data structure 1dentifying an associated CPU,
and associated memory channel, an associated physical
memory slot, and an associated base address, and may be
stored 1n the NVRAM 136. The routine 208 may cease at
operation 308.

FIG. 4 1s a flow diagram showing a routine 304 for
detecting a memory channel storage device according to the
technologies presented herein. As shown, the routine 304
begins at operation 402 where SPD chipsets are read or
otherwise accessed through the system management bus
132' to determine at least a total number of MCS devices
connected to the computing system 100. Upon 1dentifying
the number of MCS devices, the firmware may imtiate a
search for a location of a MCS device at the next available
physical memory boundary, at operation 404.

Based on the appropriate memory boundary, the firmware
137 may preserve data at the associated address 0, at
operation 406. Thereafter, the firmware 137 may clear the
contents of address 0 at operation 408. While the contents of
address 0 are cleared, the firmware 137 may write a unique
test pattern on a memory address oflset from address 0 by a
fixed number of bits, at operation 410. By attempting to
write the test pattern at an address offset from the base
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address, the firmware 137 can test for the existence of an
aliased address thereby indicating an existence of a MCS
device.

The offset may be a logical offset and may be an mitially
pre-determined value. According to one implementation, an
initial offset 1s 64 kilobytes, but other 1nitial oflsets may be
used. Additionally, the test pattern may not necessarily be a
pre-determined pattern. Any unique pattern allowing the
identification of aliasing may be applicable.

Upon writing the test pattern based on the oflset, the
firmware 137 may read data at address 0, at operation 412,
and determine 1 a pattern match between the contents of
address 0 and the test pattern exists, at operation 414. If there
1s a match, and 1f all MCS devices have been located as
determined 1n operation 416, the routine 304 may cease at
operation 418. If all MCS devices have not been located, the
firmware may begin applying test patterns beginning at the
next physical memory boundary at operation 404 while
iterating through the operations described above.

Additionally, 11 there 1s no match between a test pattern
written at an offset address and the contents of address 0, the
firmware 137 may manipulate the offset at operation 420.
For example, the offset may be increased or decreased in one
implementation. According to one particular implementa-
tion, the oflset 1s increased by a factor of two at every
instance where there 1s no test pattern match. Thus, for
example, an 1mitial offset of 64 kilobytes 1s increased to 128
kilobytes, while an offset of 128 kilobytes 1s increased to
256 kilobytes, and so on. Upon manipulating the offset to
create a new oflset, the firmware 137 may replace the
preserved data for address 0 at operation 422, and may move
to the new oflset and preserve the data at the now larger (or
smaller) address 0 space at operation 406 while continuing
to test for a pattern match.

As described above, upon 1dentification and locating of all
MCS devices, associated base address data, and other i1den-
tifying information, may be stored for future initialization of
the computing system. It should be appreciated that, accord-
ing to implementations, the mechanisms disclosed herein
may allow for relatively easy maintenance of address infor-
mation for previously installed MCS devices, for identifi-
cation and locating of new MCS devices, and initialization
of MCS devices during an 1nitial boot phase of a computing
system.

Additional details regarding the operation of firmware
137 with regards to components and portions of the com-
puting system 100 are provided with reference to FIGS. 5
and 6. Referring to FIG. 5, a block diagram illustrates
aspects of an interface between a UEFI firmware 137 and an
operating system 140 according to one or more embodi-
ments presented herein. As described with respect to FIG. 1,
the firmware 137 may comprise a firmware compatible with
the UEFI Specification (which may be referred to herein as
the “Specification™) from the UEFI FORUM. The UEFI
Specification describes an interface between the operating
system 140 and the system firmware 137. The UEFI Speci-
fication also defines an interface that platform firmware may
implement, and an interface that the operating system 140
may use while booting. How the firmware 137 implements
the interface may be left up to the manufacturer of the
firmware. The Specification can define a way for the oper-
ating system 140 and firmware 137 to communicate infor-
mation necessary to support the operating system boot
Process.

According to some embodiments, both a UEFI-compat-
ible firmware 506 and a legacy BIOS support module 508
may be present in the UEFI firmware 137. This allows the
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computing system 100 to support a UEFI firmware interface
and a legacy BIOS firmware interface. In order to provide
this functionality, an interface 512 may be provided for use
by legacy operating systems and applications. According to
other embodiments, only one of the UEFI-compatible firm-
ware 506 and the legacy BIOS support module 508 may be
present 1n the firmware 137. According to yet other embodi-
ments, the firmware 137 may interface with the hardware
510 through any of various other architectures, components,
or modules for the firmware without specific involvement of
the UEFI-compatible firmware 506 or the legacy BIOS
support module 508. Additional details regarding the opera-
tion and architecture of a UEFI Specification compliant-
firmware can be found in the UEFI Specification and 1n the
specifications that make up the EFI Framework, both of
which are expressly incorporated herein by reference.

Turning now to FIG. 6, a block diagram illustrates the
architecture for a UEFI specification-compliant firmware
that provides an operating environment for one or more
embodiments presented herein. As shown i FIG. 6, the
architecture can include platform hardware 616 and an
operating system 140. The platform firmware 608 may
retrieve an operating system (“OS”) image from the UEFI
system partition 618 using a UEFI boot loader O/S Loader
602 (*“OS boot loader 602”). The OS boot loader 602 may
retrieve an OS 1mage from the O/S partition 620.

Once started, the OS boot loader 602 may continue to
boot the complete operating system 140. In doing so, the OS
boot loader 602 may use UEFI boot services 604, runtime
services 606, and 1nterface to other supported specifications
to survey, comprehend, and initialize the various platform
components and the operating system software that manages
them. Thus, interfaces 614 from other specifications may
also be present on the system. For example, the Advanced
Configuration and Power Management Interface (“ACPI”)
and the System Management BIOS (“SMBIOS™) specifica-
tions may be supported.

UEFI boot services 604 may provide interfaces for
devices and system functionality used during boot time.
UEFI runtime services 606 may also be available to the
UEFI boot loader 612 during the boot phase. For example,
a set of runtime services may be presented to ensure appro-
priate abstraction of base platform hardware resources used
by the operating system 140 during its operation. UEFI
allows extension of platform firmware by loading UEFI
driver and UEFI application images which, when loaded,
have access to UEFI-defined runtime and boot services.
Various program modules can provide the boot-time and
run-time services.

Based on the foregoing, it should be appreciated that
technologies for memory channel storage device initializa-
tion have been presented herein. Although the subject matter
presented herein has been described in language specific to
computer structural features, methodological acts, and com-
puter readable media, 1t 1s to be understood that the inven-
tion defined in the appended claims 1s not necessarily limited
to the specific features, acts, or media described herein.
Rather, the specific features, acts and mediums are disclosed
as example forms of implementing the claims.

The subject matter described above 1s provided by way of
illustration only and should not be construed as limiting.
Various modifications and changes may be made to the
subject matter described herein without following the
example embodiments and applications 1llustrated and
described, and without departing from the true spirit and
scope of the present mvention, which 1s set forth in the
tollowing claims.
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We claim:

1. A computer-implemented method for initializing a
memory channel storage (“MCS”) device, the computer-
implemented method comprising performing computer-
implemented operations for:

beginning a boot process for a computing system by

beginning execution of a firmware;

determining that prior address data 1s stored for the MCS

device 1n a storage device physically separate from the
MCS device, wherein the MCS device 1s installed 1n a
dual 1n-line memory module slot, and wherein the prior
address data 1s present in the storage device prior to the
beginning of the boot process; and

responsive to a determination that the prior address data

1s stored for the MCS device, reserving an address
range for the MCS device based on the prior address
data.

2. The computer-implemented method of claim 1,
wherein the reserving the address range for the MCS device
1s performed during an initial boot phase of the computing
system, and wherein the prior address data 1s determined
during a prior 1nitial boot phase of the computing system.

3. The computer-implemented method of claim 2,
wherein the 1nitial boot phase 1s a pre-extensible-firmware-
interface mitialization (“PEI”) boot phase.

4. The computer-implemented method of claim 1,
wherein the storage device comprises a non-volatile ran-
dom-access memory (“NVRAM™).

5. The computer-implemented method of claim 4,
wherein the prior address data 1s stored 1n the NVRAM as
a data structure comprising a CPU i1dentification, a memory
channel 1dentification, a physical slot identification, and a
base address for the MCS device.

6. The computer-implemented method of claim 1,
wherein the MCS device 1s a solid-state drnive (*SSD”)
device.

7. The computer-implemented method of claim 1,
wherein reserving the address range for the MCS comprises
blocking the address range of the MCS for use as normal
memory.

8. The computer-implemented method of claim 1, turther
comprising:

detecting address data for the MCS device;

determiming 1f the detected address data 1s 1identical to the

prior address data; and

responsive to determining that the detected address data 1s

different from the prior address data, storing the
detected address data in place of the prior address data
and rebooting the computing system.

9. The computer-implemented method of claim 8,
wherein the detecting the address data and the determiming
if the detected address range 1s 1dentical to the prior address
data are performed during a driver execution environment
(“DXE”) boot phase of the computing system.

10. The computer-implemented method of claim 8, fur-
ther comprising responsive to determining that the detected
address data 1s 1dentical to the prior address data, completing
the boot process of the computing system.

11. A computer-readable non-transitory storage medium
having computer-executable instructions stored thereupon
which, when executed by a computer, cause the computer to:

begin a boot process for a computing system having a

memory channel storage (“MCS”) device deployed
thereon, wherein the MCS device 1s 1nstalled 1n a dual
in-line memory module slot;

determine that prior address data 1s stored for the MCS

device 1n a storage device physically separate from the
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MCS device, wherein the prior address data 1s present
in the storage device prior to the beginning of the boot
process; and
responsive to a determination that the prior address data
1s stored for the MCS device, reserve an address range
for the MCS device based on the prior address data.
12. The computer-readable storage medium of claim 11,
wherein the computer reserves the address range during an
initial boot phase of the computing system, and wherein the
prior address data 1s determined during a prior initial boot
phase of the computing system.
13. The computer-readable storage medium of claim 12,
wherein the mitial boot phase 1s a pre-extensible-firmware-
interface 1mitialization (“PEI”) boot phase.

14. The computer-readable storage medium of claim 11,
wherein the storage device comprises a non-volatile ran-
dom-access memory (“NVRAM™).

15. The computer-readable storage medium of claim 14,
wherein the prior address data 1s stored 1n the NVRAM as
a data structure comprising a CPU 1dentification, a memory
channel 1dentification, a physical slot identification, and a
base address for the MCS device.

16. The computer-readable storage medium of claim 11,
wheremn the MCS device 1s a solid-state drive (*SSD”)
device.

17. The computer-readable storage medium of claim 11,
wherein the computer reserves the address range for the
MCS by at least blocking the address range of the MCS for
use as normal memory.

18. The computer-readable storage medium of claim 11,
having {further computer-executable instructions stored
thereupon which, when executed by the computer, cause the
computer 1o:

detect address data for the MCS device;

determine if the detected address data 1s 1dentical to the

prior address data; and
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responsive to determining that the detected address data 1s
different from the prior address data, store the detected
address data in place of the prior address data and
reboot the computing system.

19. The computer-implemented method of claim 18,
wherein the computer detects the address data and deter-
mines 1f the detected address data 1s i1dentical to the prior
address data during a driver execution environment
(“DXE”) boot phase of the computing system.

20. A computing system, comprising:

a Processor;

a memory channel storage (“MCS”) device 1n communi-

cation with the processor; and
a computer-readable non-transitory storage medium hav-

ing computer-executable instructions stored thereupon

which, when executed by the processor, cause the

processor to

begin a boot process for the computing system,

determine that prior address data 1s stored for the MCS
device 1n a storage device physically separate from
the MCS device, wherein the MCS device 1s
installed 1n a dual 1n-line memory module slot, and
wherein the prior address data 1s present 1n the
storage device prior to the beginning of the boot
process,

responsive to a determination that the prior address data
1s stored for the MCS device, reserve an address
range for the MCS device based on the prior address
data,

detect address data for the MCS device,

determine 11 the detected address data 1s 1dentical to the
prior address data, and

responsive to a determination that the detected address
data 1s different from the prior address data, store the
detected address data i1n place of the prior address
data and reboot the computing system.
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